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progressive oxidation of cold-storage butter 
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OUTLINE OF PREATOrS WORK 

Much has been written concerning the changes occurring in butter. 
The word “change” is here used in its broad and general sense to include 
any perceptible alteration whatsoever, although it refers principally to 
an organoleptic one, whether induced by one or several factors. 

Butter has been kept for certain periods of time during which it has 
been exposed to the action of various decomposing and disintegrating 
agencies, and a study of the products of change thereby resulting has led 
investigators to draw conclusions relative to the causation of the “off 
jElavors” so often found in stored butter. As a general rule, the majority 
of opinions advanced in accounting for the deterioration of butter seem 
to have been based either upon insufficient analytical data or upon a 
study of butter or butter fat kept under conditions which prevail only 
to a very limited degree when butter is stored. 

Many investigators confined their attention to a study of the fat of 
butter alone and sought to attribute the appearance of undesirable 
flavors in whole butter to some change which this one constituent under- 
goes. However, more recent investigations carried on with fats other 
than butter would appear to render such an assumption doubtful and 
would seem to make imperative more conclusive information concerning 
the causation of disagreeable flavors in whole butter held in cold storage. 

The early literature in regard to the chemical changes which take place 
in butter is voluminous, but it is also conflicting and confusing, a great 
deal of it being of a purely speculative nature. 

A great v^ariety of bodies, products of clicmical change, have pre- 
sumably been identified in butter kept under varying conditions. Ihe 
confirmation of the presence after a certain inter\'al of time of such 
substances in fats known to have been originally pure is of value; yet 
such data obtained in the in-''estigation of a material containing other 
constituents as well are obviously not so satisfactory unless it is defi- 
nitely known that these attendant components do not likewise undergo 
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similar changes. Acids, aldehydes, alcohols, and esters, among other 
things, may have been identified in spoiled fats, and even up to the 
present time it has been customary to attribute their origin solely to the 
fat itself. The reason for such deduction is evident. It is well known 
that the fat of butter is in itself a most complex material. It is a com- 
posite, made up of mixtures of the glycerids of fatty acids. Among the 
saturated glycerids butyrin is an essential ingredient, although palmitin 
and myristin predominate. Olein has generally been considered to be 
the only unsaturated glycerid in butter fat, yet quite recently Taxaand 
Konecny (3)^ claim to have found that the fatty acids of the “liquid fat” 
of separator slime consist of 49.65 percent of erucic acid and 21.24 per 
cent of oleic acids; but this assumption may not be entirely justified. 

The improbability of any chemical change occurring in the saturated 
glycerids of storage butter is quite generally recognized; consequently 
the glycerid olein, purely because it contains an unsaturated linkage in 
the molecule and absorbs the halogens with avidity, has been considered 
as the source from which are derived those decomposition products the 
presence of which in fats influences their more or less decreased value. 
As a matter of fact, any satisfactory and conclusive evidence that the 
olein of butter fat is readily susceptible to oxidation under conditions 
similar to those prevailing when butter is stored is entirely lacking. 
On the other hand, it has been demonstrated that pure olive oil, the liquid 
glycerids of which consist almost entirely of olein, shows very little 
absorption of oxygen as measured by the iodin number, even after having 
been kept for three years under ordinary conditions (5), Masters and 
Smith (6), in preliminary experiments with butter fat, found but little 
change in the iodin value during cooking experiments carried out with 
this material. To obtain any pronounced change in the iodin value and 
in the acidity, they found it necessary to heat their samples of butter fat 
to as high a temperature as 200° C. while passing oxygen through the 
material, the mere heating of the fat to such temperature under ordinary 
conditions proving to be insufficient. From these two illustrations, as 
well as from more recent work done by other investigators, the discussion 
of which owing to limited space is omitted, it must be concluded that lire 
possibility of the olein of butter fat undergoing an appreciable oxidation 
caused by the small quantity of atmospheric air inclosed in a package of 
butter is very remote, especially when it is remembered that butter is 
stored in the dark at a temperature considerably lower than the freezing 
point of water. 

The inability of chemists to judge the quality of an edible fat because 
of the absence of satisfactory chemical data has been frequently pointed 
out, and this is attributable primarily to the lack of appropriate and com- 
prehensive analytical procedure. For instance, rancidity has generally 
been regarded as the natural concomitant of acidity, yet a pronounced 
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rancidity may have appeared in a stored fat vvithoijt the manifestation 
of any increased acidity as measured by a simple titration. Again an 
undue significance may be attached to a slight decrease in the original 
iodin number of the fat. Such a decrease is usually considered to be 
caused by the taking up of oxygen by the double bond of the unsatur- 
ated glycerid; yet it must be remembered that self-polymerization-ihe 
interlocking of two or more molecules of the unsaturated glycerids— may 
occur, a condition which would likewise bring about a lowering of the 
iodin value. Again, the olein of butter fat may not exist entirely as the 
normal glycerid, and it is possible that a certain amount of this glycerid 
may occur as an isomerid. So far as is known to the writer no work 
has been carried out to determine whether the olein of stored butter is 
present entirely as the normal glycerid. In this connection it may be 
observed that tlie work of Ponzio and Gastaldi (8) and of Fokina (1) 
indicates that the farther the double bond is removed from the carboxyl 
group the nearer the iodin number approaches the theoretical value. Nor- 
mal oleic acid gave the theoretical value of 90. On the contrary, 2-3 oleic 
acid gave a Hiibl number of only 6,6, Wijs 20.4, Hanus i ,9. While there 
are no data at hand at present to prove that 2-3 oleic acid actually does 
occur in butter fat, yet this contingency is quite possible; and it is well 
to take it into consideration as yet another factor which may produce a 
slight lowering of the iodin number of stored butter. ’ It is evident, how- 
ever, that the customary methods in vogue to determine the quality of 
fat leave much to be desired. 

One of the factors so often construed as influencing the appearance of 
undesirable flavors in a fat is the nature of the impurity, or impurities, 
contained therein. In just what manner these foreign substances bring 
about these undesirable characteristics lias not been fully cleared up, 
because it is conceivable that it depends upon several parallelly pro- 
gressing chemical reactions and because it is possible that slight chemical 
changes really difficult of identification by analytical methods suffice 
to produce the above-mentioned disagreeable features. 

It is apparent that even at the present time there seems to be con- 
siderable doubt as to whether the undesirable flavors of storage butter 
arise from a decomposition occurring in the fat itself or in some one or 
more of the other components entering into the composition of the whole 
product. For this reason it is thought advisable to confine the prelimi- 
nary work on this subject to an attempt to settle this most basic consid- 
eration before proceeding wnth the further investigation of the causation 
of the “off flavors” so frequently met with in storage butter. 

STATEMENT OF THE PROBLEM AND METHOD OF SOLUTION 

Even in those times when the chemical constitution of the fats was 
still unknown it had been surmised that the changes which oils and fats 
underwent 011 keeping w'ere simply the result of oxidation. This is the 
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view most generally h^ld at the present time, and the more recent litera- 
ture on the subject indicates that this phase of research is to be con- 
tinued with no less abated interest. It is still unknown whether the 
development of undesirable flavors in storage butter is dependent upon 
an oxidation occurring in the fat itself or whether the milk sugar and 
nitrogenous constituents of the curd are those components of the butter 
most susceptible to oxidation. Approximately lo per cent of the 
volume of butter is air (9), and it is quite possible that, owing to the 
oxygen of the air inclosed within the material, a slight and progressive 
oxidation may take place in the interior of a package of butter. This 
possibility, when considered together with the known fact that marked 
and undesirable alterations in the flavor of butter during storage may 
be brought about by acidifying the pasteurized cream from which the 
butter is made (10), has suggested the idea that an examination of the 
air inclosed within packages of butter differently prepared an^ in butter 
fat alone might furnish sonic interesting data as to whether the undesir- 
able chemical changes occurring in stored butter are caused by a pro- 
gressive oxidation in the fat itself or in some one or more of the nonfatty 
ingredients. 

It w*as deemed advisable to pursue this line of investigation in a manner 
not previously attempted, so far as known. vSaniples of pasteurized 
sweet-cream butter, butter made from pasteurized cream to which lactic 
acid had been added, and butter made from pasteurized cream to which 
a starter had been added and which was churned at once, were prepared, 
packed in glass tubes, and stored. Tubes from each lot were removed 
from storage after certain inter^^als of time had elapsed and an analysis 
of the air therefrom was made by means of the gas apparatus specially 
designed for the purpose. (See fig. i and PI. CXI.) It was hoped that 
the analytical data so obtained would show some distinguishing features 
between the three samples dissimilarly prepared, especially with respect 
to the sample made from acid cream. It was also decided to make use 
of the determination of the chemical constants of the pure butter fat 
to ser\^e merely as an indication as to whether any chemical alteration 
of the fat through oxidation had occurred during the storage interval, 
confirmed by the analysis of the air extracted from packages of butter 
fat to determine whether the oxygen content therein is diminished during 
the storage period. The data so obtained were used as a standard, and 
the aim kept in view ^vas to study the effect, if any, of the presence of 
varying amounts of nonfatty constituents (protein, lactose, etc.) upon 
the* decomposition of the fat of butter and, in addition, lo note whether 
the presence of varying quantities of these substances in the butter 
induced an alteration during storage in the composition of the air incor- 
porated in the samples at the time of their manufacture. vSamples of 
pure butter fat and of butter containing varying quantities of buttermilk 
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were also prepared, packed into tubes and st„r„ i , 

ditions as the foregoing samples. The effect of' 

upon a small quantity of butter fat and e ™“‘nt of air 

varying quantities of acid was studied by fillinrother” 

fragments which were then inipregnated\vith fet or bmr"'u 

analysis of the air therefrom made'after certain inte ^ 

elapsed. >" storage had 


' -nr, apparatus used 

In figure , is depicted the apparatus constructed tor use in the extrac 
tron and analysts of the air confined in the packages of 



samples of butter fat and butter put up and stored for the investigation 
which has been described. The apparatus is of glass throughout and 
consists of three divisions: (i) The system for extracting the gas from 
the butter tubes, (2) the Tdpler pump for transferring the gas so obtained 
to (3) the usual Hempel apparatus. The rigid and undetachable arrange- 
ment of glass tubing and mercury-seal stopcocks comprising the upper 
part of I is conveniently fastened to a wooden frame by means of small, 
brass pipe bands in the manner seen in Plate CXI, which shows the entire 
apparatus set up for use, The lower, detachable parts of the extracting 
system (see fig. 1) consist of the butter tube B. T,, the construction and 
nature of which are described later and which contains the sample 
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under investigation; the butter flask B. F., of about i liter capacity for 
retaining the sample after its passage through part of the system- the 
moisture flask M. F., of 200 c. c. -capacity, for retaining the greater part 
of the moisture liberated from the sample; and a small evacuation flask 
or globe, K. F., of about the same capacity. These detachable parts are 
connected with the upper part of the system by means of various raercurv 
seals, S, S. 

The operation is begun late in the afternoon of the day before the actual 
determination by putting the entire division i under vacuum and allowing 
it to stand in this condition overnight. This is done in the followin<y 
manner : 

With the exception of the butter tube B. T., the apparatus is connected 
as illustrated: The mercury-seal stopcocks S^, S^, and are closed and 
stopcocks S3 and S5 are so turned as to open the system from E. F. through 
o, B. F., M. F., b, and c to the Tdpler pump T. P. The Tdpler pump is 
now given one stroke, which serves somewhat to exhaust the air confined 
in the system; a small beaker, x, filled with concentrated sulphuric acid 
is brought under stopcock Sj so that the tube projecting downward from 
the stopcock is plunged well beneath the surface of the acid, and the 
beaker is supported in this position. Stopcock S, is now cautiously 
opened until the acid rises to form a long level of drying agent covering 
the bottom'^of tube c, when the influx of acid is stopped. The pump is 
now worked to its limit of exhaustion (about 0.3 mm. on the ^IcLeod 
gauge). A turning back and forth of stopcock S5 accompanied with 
successive strokes of the pump will evacuate tube d to stopcock S^, and 
this is followed by turning stopcock S3 and working the pump to exhaust 
the tube e. The entire division i is now under exhaust and is allowed 
to remain so for a considerable length of time, preferably overnight. 
The next morning, if the gauge indicates that no leakage of air into the 
system has occurred, the actual determination is made as follows: 

The moisture flask 'SI. F. is covered by a beaker which is then packed 
with cracked ice and salt (sodium chlorid). The butter tube B. T. is 
connected at S4 by means of a mercury seal. Funnel B is closed at stop- 
cock H, and filled with a three-fourths saturated sodium-chlorid solution 
at a temperature of 50° C. A little of this brine solution is allowed to 
trickle from a pipette into the small side tube of the butter tube B. T. 
until the latter is completely filled, whereupon it is connected with the 
funnel tube below H by means of a piece of tight-fitting rubber vacuum 
tubing. A large glass jar (not shown in the illustration) is now used to 
cover the butter tul)€ B. T., the base of which rests upon a large rubber 
stopper with its center removed. The mercury-seal stopcock S3 is now 
turned to connect the evacuation flask E. F. with d, and a turn of S4 toward 
d followed by a closing of the same ser\^es to evacuate the tube from S4 to 
the glass stopcock K of the butter tube B. T. S3 is opened to connect e 
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with the system B. F. , etc. The stopcocks S,, K, and H are no\\- all closed. 
Water at a temperature of 45° C is poured into the glass jar surrounding 
B. t. until it immerses the rubber stopper carrying the stopcock K and 
the nibber connection between the small side tube to B, T. and H. The 
warmth thus applied to the butter tube at once causes a slight pressure 
against K and H. H is opened first to allow one or two trapped bubbles 
of air to escape up toward B and is then closed. K is immediately opened 
and is soon after followed by the opening of H again. As the material in 
B. T. melts, a graduated and regulated opening of permits most of the 
air confined within the sample to pass over into the system, and the 
remaining air follows with the melted fat, etc., which passes up, around, 
and down through e and trickles into B. F. A too rapid passing of butter 
containing much curd should be prevented, as it will cause considerable 
foaming in the butter flask. The wann salt solution flowing in from R 
displaces the sample from B. T. When the material has been thus 
removed from B. T. and the level of the salt solution has reached S^, 
this stopcock is closed, followed also by the closing of vS^. The gas is now 
transferred from the apparatus by the Topler pump to the gas-collecting 
tube G, allowing a few minutes to elapse between strokes of the pump, 
thus permitting the gas containing moisture not removed by M. F. to 
become dried by passing over or remaining in contact with the sulphuric 
acid in c. The gas is collected over mercury in G and is draxyi therefrom 
into the mercury-filled measuring burette M. B. connected with the 
leveling tube h. T., from which it is passed over into the Henipel pipettes 
H. P., wdicre the quantities of carbon dioxid and oxygen in the gas are 
determined in the usual manner with solutions of potassium hydroxid 
and alkaline pyrogallol. 

SPGCI.^L BCTTER TUBES ^ 

These tubes are about 9 inches long and i ;4 inches in diameter, with 
necks mdened somewhat to accommodate a Xo. 9 rubber stopper carry- 
ing a glass stopcock. An ordinary-sized glass tube, bent on itself, leads 
upward from the base. Hach of these tubes when packed will contain 

about 250 gm. of butter. . . , v. 1 

These tubes were cleaned, sterilized, and packed with the sample, 
allowing a very small air space between the surface cl the butter mid the 
rubber stopper. Pure, neutral, paraffin oil was poured on the surface o 
the butter and the stopper was pressed in until the oil in the lube had 
risen above the stopcock. The stopper was wired down tightly and the 
stopcock closed. A few cubic cenlitneters of paraffin o,l were Uteu 
allowed to flow down the side tube. Butter packed in this manner is 
free from contact with the outside air, 

> The useot these tuh-s for packing and storine butter was sugsested by Mr. L. A. Rogers, 

DhTsion, 
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EFFECT OF CREAM ACIDITY UPON THE COMPOSITION OF THE AIR m 
HOTTER HELD IN STORAGE 

The samples, the gas-analysis data of which arc given in Tables In 
and III, were prepared under ’conditions as nearly identical as possible 
the butter having been made at Troy, Pa. In each case the butter was 
made from 6o pounds of cream taken from one lot, pasteurized at 140'’ F 
and cooled to 48° F. In all three cases the temperature of the butter- 
milk was 58° F., the quantity of salt added to the butter each time was 
12 ounces, and each working was carried to 15 revolutions. 

The cream of sample i was churned sweet. To the cream of sample 2 
was added 15 per cent of the starter, and the churning done at once. 
Before churning the cream of sample 3, sufficient lactic acid was added 
to it to make its acidity 0.71 per cent (calculated as lactic acid) by 
titration. 

Tablf: I. — . 4 naE'.<:^ of air exiraried from sweet-cream butter 


[Calculated to o° C, and 760 mm. .Oddity of eream as lactic acid, 0.1 1 per cent; salt, 1,21 per cent- 
curd, 0.3S percent] 


Number of bacteria per gram," ; 

1 

i 

At o’ F. 

Time stored. 

At 32° F. 

At 

room tem- 
perature. 

Oxygen. 

Carbon 

dioxid. 


Days. 

Days. 

Hours. 

Per cent. 

Per cent. 


0 

0 

0 

**25. 15 

!>2. 89 


0 

2 i 

I 

22. 23 

4. sl 


0 

^5 

I 

15. 96 

7-58 

5,050,000 

' 0 

41 

I 

g. 86 

11. 91 


0 

1 57 

I 

5 - 49 

15- 24 


81 

1 0 

I 


I- 49 


Si 

! i 

I 

22. 70 

2. 02 


( 81 

: 13 

I 

20. 45 

I 2.80 


: no 

! 0 

S ' 

20. 62 ' 

2. 85 

133,000 

i no 

I 

I 

23. 00 : 

2 - 73 


: 150 

I 0 

2 

24. 18 

r. 62 

! 

i I So 

i 0 

I 

23. IT 

0-57 


® Thanks are clue Mr L. A Rogers, of tlie Dairy Divisiuu, for the bacteriological wcark in connection 
with this investigation. 

Analysis of eas extracted from butter as soon as tube was packed. 


Samples i and 2 were shipped on the afternoon of the same day, arriv- 
ing in Washington, D. C,, shortly before noon of the following day, when 
the butter was immediately packed into sterilized special glass tubes and 
small jars and then placed in storage at 0° F. Sample 3 was finished late 
in the afternoon of the same day on which the preceding samples were 
made, and did not reach AVashington until the second morning after, 
•when the butter was at once packed into tubes and jars and placed in 
storage under the same conditions as above. 

From each of the three samples several tubes were taken and trans- 
ferred to storage at 32° F. The remainder of the tubes were allowed tc 
continue at a storage temperature of 0° F. From time to time tubes 
were removed from both temperatures, the gas removed therefrom by 
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njcans of the specially devised apparatus, and the quantities of carbon 
dioxid and oxygen determined. 

A perusal of Table I discloses the fact that very little alteration occurred 
in the composition of the air inclosed in this sample of su-ect-creani butter 
made from cream having an acidity of o.ii per cent when it was kept for 
about 6 months at a temperature of o'^ F. During this inter\-al practically 
QQ diminution of the original oxygen content took place, and the only 
apparent change to be noted is a probable decrease in the small quantity 
of carbon dioxid which was known to be present in the butter at the time 
it was made. An appreciable and progressive change did occur, however, 
when the butter w^as kept for nearly two months at a temperature of 32® 
In this case it will be noted that the original oxygen content de- 
creased, while there was a corresponding increase in the initial quantity 
of carbon dioxid. 

Every effort was made to keep the tubes containing this sample, as 
well as those containing the other differently prepared samples, under 
comparable conditions. In this connection it may be mentioned that, 
since it is necessary to surround the tubes with warm water (45’’ C.) to 
melt the butter sufficiently to cause it to flow through the apparatus 
used and that this procedure if carried out immediately upon the removal 


of the tubes from storage might result in cracking them, the plan was 
adopted of allowing them to warm up slightly at room temperature for 
one hour, except in two cases, in which the tubes were intentionally per- 
mitted to remain a longer period at room temperature for the purpose of 
obtaining additional information. It wms found that a tube of this 
butter, when allow’ed to remain for 5 hours at room temperature after a 
storage period of no days at a temperature of -o® F., contained less 
oxygen than a corresponding tube of the same sample kept for the same 
leiiglh of time at a temperature of o" F., and for i day at a temperature 
of 32® F. In measuring the effect of raising the storage temperature to 
F. on a sample which had been stored at 0" F. for 81 days, it is of 
interest to note that after holding for i day at the higher temperature 
there is a measurable decrease in the quantity of oxygen known to be 
present in the sample after the 81 days at the lower temperature, and 
this effect on the same sample is much more pronounced after holding at 
the higher temperature for an additional 12 days, or a total of 13 days. 

It mav be concluded, therefore, that sweet-cream butter prepared aa 
this sample rvas and containing a considerable number of bactena wi 
show but little alteration in the composition the 
when it is kept for si.c months at a temperature of o V. ^ 
change, however, occurs when the butter is kept at a tempera ure of 3a 
F , and a very noticeable one w hen it is kept at room ™ 

sample of butter used scored 91 “ neiature of o’ 

months. After a period of six months in storage at a 

F. the score was giL at 90, there being .10 trace of anv undesirable hasor. 
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Table IT. — Analysis of air extracted from butter made from sweet cream churned imnip 
diately after the addition of 15 per cent of a commercial starter 


|C«lculated to C, and 760 nun. Acidity of cteam as lactic acid, 0.2$ per cent; salt, j.io oer 
curd, 0.59 per cent) 


Number oi bacteria per gram. 

Time stored. 

Oxygen. 

Carbon 

dioxid. 

At 0“ F. 

32® F. 

At 

room tem- 
perature. 


Days. 

Days. 

Hours. 

Per cent. 

P^r cent. 


( 

7 

1 

10. 89 

44 

680, 000 

40 

0 

I 

II. 64 

23. 35 


i 55 

0 

1 

10. 84 

22.34 


f 80 

0 

I ! 

10, 70 

21. 87 

160, OOQ 

1 100 

I 

1 

10.95 

20. 92 



15 

r 

8. 78 

19. 27 


1 205 

0 

I 

9. OQ 

19.30 


Mter the addition of a starter the acidity of the cream from which 
the butter of sample 2 was made was a little more than twice that of 
the cream used in the preparation of the sample of sweet-cream butter. 
A slight but appreciable decrease in the oxygen content of the sample 
during storage at a temperature of 0° F. was observed, while a percep- 
tible decrease in the carbon dioxid was also manifested. After the 
sample had been kept for a period at a temperature of 0° F,, the effect 
upon the composition of the air in the butter after standing for several 
days at a temperature of 32*^ F. was tabulated, as shown in Table II. 
This table also shows that a sample of butter made in this manner dis- 
plays, so far as the composition of the air inclosed in it is concerned, a 
comparatively slight variation from that observed in the previous case 
of sweet-cream butter, when both samples are stored at a temperature 
of 0° F. This sample of butter scored 92 when made, 90 after three 
months’ storage at a temperature of 0° F., and 89 after six and one- 
half months’ storage at the same temperature, there being, practically 
no variation in the flavor during tlie interval. 

The addition of lactic acid to the cream of butter sample 3 before churn- 
ing brought the total acidity to nearly three times that of the cream 
used to prepare the foregoing butter of sample 2, and about six and one- 
half times that of the cream used in making the sweet-cream butter. A 
pronounced decrease, greater than that observed in either of the two 
previously given samples of butter, occurred in the oxygen and carbon- 
dioxid content, even \vhen the butter was stored at a temperature of 
0° F., and this decrease was still more marked when it was allowed to 
remain at a temperature of 32° F. The score of this butter, originally 93, 
fell to 88 after three months in storage at a temperature of 0® F., and at 
the end of this interv^al it had an unclean flavor which was still more 
pronounced after a period of six months’ storage at the same tempera- 
ture, when the score was 84. 
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■Calculated to o* C. and 760 mm. Acidity of cream as Uctic add, o.n per cent- ^ . 

‘ curd, o.sj per cent] ’ 



Time stored. 



— 

Number of bacteria per gram. 

Ato*F. At3i'F. 

At 

rooiti tem- 
perature. 

Oxygen. 

C.irhi.n 

dioxiu. 


Days. Oayt. 

Hours. 

Per COM. 

Per irni. 

i, 05'^ 

»: 3 = 


i I. 20 


0 ; 4S 

0 6: 

1 j ; 


1 1. 08 

6 , 74 


I ^ 

IJ. ,0 


0 So 

; I j 

U- 93 

3. 86 


0 ^ 82 

i I 

I 5- 95 

4-43 


' 0 

! ! 

1 T" 1 

4’ .'4 


101 ; 0 i T 

I 94 , 

4. 4.8 


140 0 


I. 79 


202 0 


1 . 10- {^4 

^ 0 





I. 54 


Having now determined that the decomposition caused by cream 
acidity progresses at a temperature of o° F. in a package of butter and 
can be measured by an analysis of the gas extracted therefrom, the next 
step in the investigation of the problem concerning the development of 
“off flavors” in storage butter involved a series of experiments the 
purpose of which was to determine whether this measurable dccompo-si- 
tion occurs in the fat of the butter itself, in the buttermilk, or in both. 


OXIDATION OF PURE BUTTER FAT' 


The butter fat used in the following determinations was prepared lo 
exclude, so far as possible, by melting, filtering, and washing all iiigre* 


dients of the butter other than fat and was made from the same lot of 
cream as the samples of butter and B,, mentioned later. The butter 
was warmed in a glass vessel to from 32^^ to 34° C. and allowed to stand, 
to separate the fat from the greater part of the noiifatty substances. 
The supernatant fat was then siphoned off, filtered into water at 12^ 
to 14° Cm and then thoroughly agitated to granulate it. The fat was then 
washed several times, salted, and worked on a table worker to the extent 
of 40 revolutions. The butter fat so prepared w’as found to contain but 
0.05 per cent of protein (total XX6.3S). It was packed in aosolutely 
dean and sterile glass jars and also in the special glass tubes for air anah- 


> The terra "pure butter {at " is merely relative. Osborne and Mendel (:) have aftliined that l.uUrr lat 
prepared by centrifugiilizing melted butter and pipettiitg off the clear fat was "entirdy uee rnm 

and phosphorusand was devoid of anyash-yieldiufior water-solubk'iumponcuts. bun 'an . ■“ 

havcrecently challenged this statement as regards nltfogen, since they find that butter lat 
iuK to Osborne and Xtendel’s directious yields easily measured Quantities oi mirojen in each ol the re,te 
tvashings with dilute acid and they conclude that it is very difficult and r^erhaps inipossible ^ 

l«e butter fat from nitrogenous substuum. McCollum and Davis (a) state that thur ^ , 

butterfat tend to strengthen tlie conclusion drawn by Funk and Macallum renaming the d.,..eulu bi 
completely freeing the butter fat from nitrogen. 
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sis. The fat in the jars was covered with a thin layer of paraffin to exclude 
any action of the atmosphere other than that contained within the mate- 
rial itself. All samples were kept under the same conditions in cold 
storage at a temperature of o® F. Samples taken from the lot packed 
in jars were at once analyzed and, in addition, were scored by Messrs 
Comeliuson and Rabild, of the Dairy Division. After intervals of 
approximately one month, samples were withdrawn from storat^e 
analyzed, and scored. This was continued for several months, during 
which time a sufficient period had elapsed for the samples to manifest 
any change wdiich might occur in butter stored for a reasonable length 
of time. 

As may be seen by reference to Table IV, it is certain that no altera- 
tion in this sample of butter fat \Vas manifested by the flavor. These 
samples of nearly pure butter fat showed no physical alteration of any 
kind after six months or even after one and one-half years in cold storage. 
There was no development of any characteristic flavor whatsoever, the 
scoring indicating what might have been expected in case of a material 
deprived of nearly all its essential ingredients other than fat. 


Table IV. — ScortT of butter fai stored at 0° F. 



.\£e. 

\ Score. 

Rem arks. 

Scorer. 

I 

Months. 

8,S 

Oilv. dean flavor. , , 

' Comeliuson. 



S; 


Do. 



8; 

do 

Rabild. 

^ 


S; 

, . , , , do 

Do. 

z 


.... 87 

do 

Do. 

6. 


8; 

do 

Do. 



S7 

do 

Do. 






As noted earlier in this paper, the following determinations were 
made to establish a standard as a criterion for judging any change which 
might occur in the fat of the same lot of butter (whole butter) prepared 
with varying quantities of nonfatty ingredients (TableV). 


; V .—Chemical constants of the butter fat after being nearly freed from the noii- 
fatty ingredients by melting, filtering, and '.^.ashing and stored at o^Fd 


Reichert- 

A;-e. 1 Mtissl 

' number. 

I'Kiin 

^ onX. 

Soluble 
acids its 
buiyric. 

Insoluble 

adds. 

Acetyl 

value. 

Free acid 
as Clitic. 




Per cent. 

Per cent. 


Per 

Initial 

0003 

37. 30: 226.8 

5 - 552 

87,54 

3 - 703 

0. 456 

2 months .... 

,>o. 17 

! 37, 42 226. 8 

5 - 572 

88. 10 

3 - 785 

i , 468 

3 months .... 

2Q. 84 

1 36, 58 226. 9 

5 - 483 

87- 52 

3 - 634 

i -427 

4 months .... 

29, 67 

I 36. 68 226. 4 

5- 140 

87. 22 

3 - 340 

.408 


J The determinations ( i chemical coBiiants of the iat incorporated were made by Dr. E. O. Thomsswii 
formerly of the Dairy Division. 
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These figures would seem to indicate, that very little, if any, chemical 
change occurred in the fat after having been kept in storage at a tem- 
perature of 0° F. for a period of four months, and it was\o apparent 
that no pronounced change could be expected until a longer time had 
elapsed than is usually practiced in storing butter that this esperimimt 
was discontinued. It was apparent from the analysis of the fat that 
no noteworthy oxidation had occurred therein while the experimental 
samples were held in storage. An analysis of the air confined within 
the butter fat is given in Table \T. 


XahlE VI .— of the air in huikrfat, stored at o^F., after bcina vearh (red 
from the nonfatty tngredienls hy melting, filiering, and -u.mlnng ' 


IPiotdn, 0.05 percent; total X X, 6 .;S; calcuktsd to o‘ C, and 7(;ottiin ) 


-Age. 

Total gas. 

Total carbun dioxid, Total oxygen Calculatfil 

i " ■ , oxygvii.i 

Months. 

C. c. 

C. f. 

Pita-nt. \ C.,'. 

Percent. C , 


33 - 2^5 

0. 99 

2. 98 6. 43 

19 - 37 : 6. 44 


2 7-33 

•94 

3 ' 44 5 - 22 

19 ' 09 . V 28 


29- 51 

•93 

. 5 - 15 ' 5 ' 94 

20. 13 . 72 

\ 

38. 90 

1.38 

, 3 ’ 35 ; 7 ' 9 ] 

19- 9 i : 7. 51 

b 1 

30. 81 

! I. ;6 

i 5 - 7 ^ : 4-2 7 

1 13. 86 ■ 5. 81 

1 

Ji- 59 

' ■ 93 

2, 94 i .93 

: 2, 94 ; 6. J3 


1 .After dctltirting the ficure for carbon dioxid from total quantity of eas extracted lom the nthe, and 
issuiuing that the resitlnai gas is pure air— that is, appruxLmaUdy one- fifth oxygen. 


Practically all the carbon dioxid present in the gas extracted from 
these samples was evidently either in the butter fat at the time of its 
flianufacture or was produced therein within a period of t^vo months 
after being put into storage. Although the figures would seem to 
indicate a slight progressive increase in its amount during the storage 
interv'al, yet its total amount is small; and in view of the oxygen data 
obtained it seems to bear little or no relation to the oxygen content. It 
is very clear, however, that no appreciable oxidation of the nearly pure 
fat itself occurred during a storage interval of five months; and it was 
not until after the sample had remained in storage for one year that a 
slight, measurable oxidation was indicated. In this connection it is 
thought advisable to note the following general consideration: 

Although the iodin numbers obtained for the first and second months 
and those obtained for the third and fourth months arc so close as to 
resemble duplicate determinations, yet we ^^■iIl take it for granted that 
the total decrease in the iodin number during the entire period oi the 
investigation is attributable exclusively to the absorption of oxygen b}' 
the olein of the fat and not to some one or more of the other factors 
which, as already indicated earlier in this paper, may influence the oata 
obtained for the iodin number. If we regard 0.7: (the difference between 
37.30 and 36.58) as representing the taking up of oxygen by the olein of 
the fat, the following calculations, based upon this hypothesis, will serve 
to point out the great improbability of any chan.ge in the fat from oxi- 
dation during storage at a tempcvattire ol o'" P. 
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Each tube containing the butter fat under investigation in the gas 
analysis held about 250 gm. of material, corresponding to about 200 gm 
of pure fat.^ The decrease in the quantity of iodin absorbed by a tube 
would be 1.44 gm., indicating that the fat had absorbed 0.091 gm. or 
63.7 c. c. of oxygen. The total quantity of gas incorporated into the 
sample for the third month, for instance, was only 27.1 c. c., containing 
approximately but 5.28 c. c. of oxygen in all, and this is obtained from 
the tube in undiminished quantity in the gas analysis. After one year’s 
storage the material had absorbed only 1.54 c. c. of oxygen, and even 
after two years’ storage the presence of unabsorbed oxygen could still be 
determined. From the foregoing it will be seen that it is very improbable 
that any oxidation of pure butter fat occurs during storage at a tempera- 
ture of 0° F, when the fat is stored for a reasonable length of time. It 
was decided, ho^vever, to make an additional experiment in order to be 
more certain on this point. 

BUTTER FAT EXPOSED TO A LARGE SURFACE OF AIR 


A sample of butter fat was prepared in the same manner as was the 
preceding material — by melting, filtering, and w^ashing. In addition, it 
was given a thorough agitation on the shaking machine with four succes- 
sive changes of warm water containing 0.5 per cent of hydrochloric acid. 
The warm butter fat so prepared w^as allow’ed to flow through the side 
tube of the special butter tube filled with pumice fragments until it over- 
flowed through the glass stopcock at the top. The tube was then inverted 
and the butter fat in the tube permitted to run out. In this manner a 
small quantity of fat, clinging to the pumice fragments, was exposed to 
the action of a large quantity of air, a condition just the reverse of that 
in the previous case. The tubes were then stored at 32° F., a temperature 
considerably higher than that used in the previous cases. The results 
are given in Table VH. 


Table \'II . — Oxidation of pure butter fat exfwscd io the action of a large surface of air 
at F. 

[Calculated to o’ C. and 760 mm.) 


Age. 

Total gas. 

Total carbon dioxid 

i 1 

Total oxygen. 

Calailatcil 
oxygen. 2 

Days. I 

C. c. 

C. c 

1 i 

C.c. 

Per cent. 

C c. 

30 ! 

60 

0 

0 

IQ. 50 

19. 78 

19. 73 

61 1 

00. 30 

0 


16.33 

18. 07 

18. 06 

100 ! 

; 89, 40 

0 

i 0 

13. 98 

1 17-87' 

17. 38 


1 EiEht tubes of butter fat t\-erc put up for this iiivesti«ation. The averace weight of iiiatcnahn car 
tube was 249.5 gm. The butter-tai cdiitent r;f each tube was approximated as ful iiws; This butter tauvas 
prepared to represent normal butter minus the nonfatty constituents (protein, lactose, etc.; Dieenwc 
was made to incoiporate the average ciuaiititv of water into it, and salt also was added Vith i per . . 
of salt and it) per cent of water (the maxiirunn) in the butter fat, 250 gni. of the material m ^ , 
consist of 2.5 gm. of salt, 40 gm.of water, and 207,5 ol fat (; about taking any smaller per. epW 

of water than i& would increase the percentage of (at, which would, of course call fur a L 2°®^ 

iodin than i .442ni..expressini{ the taking up of a greater qu.aniity ot oxygen than 63.7 c. c. 1 tnswouiQ nav 

theeffcctof makiTK; still more pronounced the point here brought out. 1 ft,? mbcaad 

s After deducting the ficure fer carbon dioxid friim the total riuantuy of gas extracted from the tuoca 
assuming that the residual gas is pure air— that is, approximately one-fiith uxygen, 
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From the above-mentioned data it will be seen that but a slight oxlda- 
tion of the fat occurred during a storage inter\’al of more than three 
months at a temperature of 32“ F., even when the sample was kept under 
conditions decidedly more favorable, in comparison with the preceding 
one, to permit any pronounced oxidation. It would appear, therefore, 
that any oxidation of pure butter fat kept in storage at a temperature of 
po F. for a reasonable length of time, if it occurs at all, must be extremely 
slight The results of experiments already conducted, however, have 
shown that a progressive oxidation in whole butter may occur while held 
In storage at a temperature of F. 

The question, therefore, arises whether there occurs an oxidation pro- 
gressing in some one or more of the nonfatty constitutents of whole butter. 
In the attempt to clear up this point the following experiments were 


conducted. 


OXIDATION OF NONFATS 


The butter samples used in the two following experiments were made 
in the experimental creamery at Troy, Pa., from the same lot of cream 
as was the preceding sample of butter fat stored at a temperature of 0° F- 
The cream was pasteurized in a continuous pasteurizer at a temperature 
of 165° F., and was ripened with a pure culture. The acidity of the 
cieam at the time of churning was 0.40 per cent (calculated as lactic 
acid). The butter in the churn was washed until the rvash water was just 
dear. One half of the butter in the chum was removed and was desig- 
nated as "normally washed butter." The other half, which remained 
ill the chum, was now given an additional copious washing in four 
changes of water and designated as " excessively washed butter," 

The sample d^ignated in tlje experiments as "unwashed butter" was 
prepared from a different lot of cream, which was pasteurized and 
ripened under the same conditions as indicated above. It was ripened 
loan acidity of 0.51 per cent (calculated as lactic acid), cooled to C. 

0 F.), held overnight, during which the acidity rose to 0.65 per cent, 
and then’ churned. The buttermilk was drawn off and the butter 
allowed to remain unwashed, so as to contvain the greatest amount of 


iionfatty ingredients of all three samples. _ 

Since it was desired to have the three foregoing samples differ trom one 
another onlvwith respect to tiieir buttermilk content, care ivas takim 
to prepare them otherwise in identically the. same maiincr. Each was 
«-orW on a tabic worker to the extent of 40 revolutions, to 
a large quantitv of air. Thev were then packetl m clean and stork 
glass jars, and also in the special glass tubes for a.r ‘‘"“'ysy 
in the jars svas covered with a tliiii layer of para! in ' ■ 

of the atmosphere other than that conrnicd vit nn t ic ma eri. 

The appeaLce of undesirable ilavors in stored butty has t n bun 
attributed to the use of either impure salt or water, or bo , s ■ 
tmgency was avoided by the use, tu all cases, ot chemicallv pure sodmm 
clilorid and distilled water. 
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The samples were shipped by express to Washington, D. C., where 
they were kept in cold storage at a temperature of F. Samples taken 
from the various lots packed in the jars were at once analyzed, and, in 
addition, were scored by Messrs. Comeliuson and Rabild, of the Dairy 
Division. After intervals of approximately one month, samples were 
withdrawn from storage, analyzed, and scored. This was continued for 
several months, during which time a sulTicient period had elapsed for 
the samples to manifest any change which might occur in butter stored 
for a reasonable length of time. Of the three samples, designated for 
convenience as “excessively washed butter,” “normally washed butter,” 
and “unwashed butter,” the first two will be given and discussed in con- 
junction (Tables VIII and IX). 


Table VUI. — Scores of excessively -u 

[Protein, ' 

’jashed butter, with Ioth content of nonfatty ingredients 
stored at 0 ° F . 

0.50 per cent. Total XX6.3S] 

Ate. 

Score, 

i Remarks, ^ 

ScDTcr. 

Miyntks. 

! 




! go 

s- 

i Good, but trifle stale ! 

Comeliuson. 

I)o. 


' do ! 


I S8 


Do. 

6 

' s- 

' do ' 

Do. 

Table IX, — Scores of norniallv wo 

shed hniier. with normal content of nonjatty inondi- 


[Protein, 

nis, stored at 0 '^ F, 

0.5T per cent. Total XX6.5Sj 


Ate 

Score. 

Remarks. 

. ScortT. 

.\tnnths 





91 

Flavor ?ood 




Do, 


$7 

Aroma good, trifle stale 

^ Rabild. 


S8 



6 

SS 

do 

Do. 


The keeping qualities of the two foregoing samples were practically the 
same, as shown by the scoring. The determination of the chemical 
constants gave the data in Tables X and XI. 

T.ablI; X. — Clmnical constants of the fat of excessively ivashed btttlcr, « low coitki:! of 
)wtfally imjiedicats. stored at F. 


[Protein, 0.50 per cent. Total, XX6.38] 


Reichert- 

Ate. .Mc'issl 

nil 111 her. 

lodin . Saponifi. Soluble ; 

: (’Uiion acids as i 

: numl^er. butyric. ; 

A octyl ■ I'rec aciti 
value, i as oleic. 

1 

Initial ' jO- 03 

2 monrhs 2g. 8^ 

months 29.89 

i Per eenl. i Per cent. 

37,30! 226.8 j 5. 5321 87.5.; 

3(3, 52 1 226, 4 1 5. 623 1 87, 63 
36,42; 225,9! 5-^30 S7. 58 

; Ftrcenl. 

3 - .235 ! ■ 




Tabi.r XII.- 

—Analysis of 

air 

exu'sshti 




dv content 





itigiLdionii.' 

'•'iori d 0! c 

' f. 


0' rcCnfaUy 


[Calculated to 

o°C 


^ruteiii, £.,;j 

percen 

t. To 

ta!. VXfi.5d 


Ag., 

; Total, 

as. 

Total r;-.r'> 

an dio.\;il. 

T 

lalov 

ixen. ~~ 

CalfuIaUol 

<vxv..,4:i. ' 

Months. 

C.( 

ss 

C.c. 

Per rv tit. 

C. 


P,T rrn' 

— 



4- -iS . 

14. ot 




f.. .. 

0 

43- 

so 

2 , T" i 

6. t2 



f ‘ .5 J 


4 

; 26. 


2. 01 ' 




!;• - s 

7 95 

J 

26. 

28 

1.94 

7. 'jS 

3 

34 i 


4. rji 
•1- 87 


30. 





S4 

6. C3 

5. 78 

^ • A:Ut deducting figure for carbon dio.xid fiuin total rjuantit ■■ <■' 
tiiiil me residual gas is pure air— that is. appruxiui.jttdv one -I'l 

.,a r\f- 

1 ( x\ t 

Kicd; 

rtan U;c fabe, 

and a'- ^-i ring 

X.mE XIII. 

— .1 nalysis of air 

ill normally 

U<J t i ' i 

-,4' 

ith m 

coni 

i'Hi [■*' r.on- 



JM 

O' iiigtcdunf.. 

. u! 

0^ F." 





[Calculated tn 

‘C. 

and -6a ram, 

roifin, c.?: 

ritrceul. 

. Tui 



Age. 

. Total g 

as. 

Total carbon dioxid. 

Y 

Ota!,. 

lygen. 1 

Calculatcd 

oxyren.' 

■'foi'ths. 

! C, c 


C.r. 

Pit :,»t. 

c, ,■ 


Pi:r 

C. 


■ ■ . .1 27 , 

88 

I. 8? 

0. 04 


26 

iS. .67 

5. 2 1 


....( 29. 

OQ i 

3- or 

13, 24 

4- 

,'4 . 

14- 47 

t. 20 

^ 

— : 26. 

26 • 

0- -^6 

it. 14 

3. 

72 

17 

4. ;6 



— 2S. 

94 , 

3- 90 

Ov 47 


ji 


5. CI 


ti,. fl.iure for carlwtn r.lioxiJ frotn total juatitity of .asexti acic.; froi 

oa »!« residual gas is pure air— that is, approxiiuately oac-:ifih osyeta. 


There is no great di (Terence in the total quantity of carbon dioxid to be 
observed between these samples of excessive!)- washed butter and wiiat 
15 considered to represent normally washed butter. It is to he noted 
that there is very little dilTcrerice in the prutcin coiUeiU. of ihcsc tvvo 
55852°— 16 2 
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samples. The high point (14.05 per cent) for carbon dioxid reached in 
the first case is about the same as that reached in the second (13.47 per 
cent), while there is no wide variation in the oxygen content of the two 
samples. The great decrease in the percentage of carbon dioxid in the 
fomicr case occurs in the interval between the second and third months 
after which this decreased percentage remains fairly constant. This 
decrease in the original percentage of carbon dioxid is also accompanied 
with a pronounced decrease in the percentage of oxygen. In the latter 
case the percentage of carbon dioxid increases to its maximum after the 
sample has been three months in storage, after which it remains fairlv 
constant. It is to be noted, however, that the total amount of oxygen 
originally present in these samples of butter containing a certain pro- 
portion of buttermilk undergoes a markedly progressive decrease during 
the interval that the butter is kept in storage at a temperature of 0° F. 

A sur\*ey of the data obtained from the sample of unwashed butter 
is of additional interest in this connection (Table XIV). 

XIV . — Scores of unnasked huiter, -dith high content of novfaity ingredients 
stored ato°F. 

[Protein &.90 per cent. Total XX6 3J] 


Age. Score. Keiiiarks, 

Scorer. 

I Q2 Oilv, mottled 

■ 

Comeliuson. 

Rabild. 

Comeliuson. 

1 Do. 

Do. 

2 . ... So Oilv, uncleiin 

o S7 , , . .do, .. 

- iS:; Slii^htlv lisliv 

5 Sd Stale, fishv, sour 


The progressive development of ''off flavor” in this sample of butter, so 
prepared as to contain a greater quantity of buttermilk than either of the 
two foregoing samples, was remarkable. Since this butter had been 
prepared from a different lot of cream, it ^vas necessary to establish a 
new fat standard of constants. The butter fat for this purpose was 
prepared from the same lot of cream as was the butter, and it was packed 
and stored in the same manner as that given for the previously men- 
tioned sample of butter fat. The results are given in Tables and 
XVI. 


TaBI-E XV . — Chemical constants of butter fat stored at 0^ F after being nearly freed f>m 
the nonfatty ingredients by vicUinq, filtering, and -dashing 


Age. 

Reidiert* 

Mfcissl 

number. 

Saponifi- 
: catir>n 
nmober. 

Soluble 
ofiils as 
butyric. 

Insoluble 

acids. 

Acetyl 

value. 

Free .-seici 
as oIlk. 




At <nil. 

Ar rent. : 


Frr .-™i. 

Initial 

26. 16 j 

41. 91 , 226. 3 

5-275 

86. 93 ! 

3 - 365 

0. 210 

2 months 

26. 90 j 

41. 40 225. 9 

5- M 7 

87. 46 ; 

3 - 379 I 

. 2:0 

3 months 

i 26. 71 

40. 7(3 226. 2 

5-263 

87.65 

3. 260 i 

.214 

5 months 

! 26. 93 j 

40, 79 ■ 226. 5 

5. 220 

s?- 55 

F 335 

6 montlis ■ 

; 26. 84 

40. 88 225. I 

1 5. 166 

: 87-38 . 

3 - 397 1 

• 225 



g^t. ProgressmOxidation of CohkStorage Buiicr - 

XaBlE XVI .-Chemical co>istaKk of the f at 0/ butter . ,7;, , 

fatty iy].grcdimfs, stored at 0° /•’, ' ' of non- 

iProteia 9.9* per cent. Total X y 6,jS] 


Afic. 

Rdchtrt- 

Metxsl 

number. 

I&dm 

ilumber. 

Sapor ifi- 

eatiort 

number. 

Soluhic 
acids as 
butyric. 


,Wo»fb, 

2$, 28 

41. 80 


Prr mil. 

I'tT cerr;. ; * i P , . , 

i 

; 26. 


! 5- ‘’9 1 

g-; ^ 3-90 


26. riD 

40. 8r ; 

40, 1 


5. 06 ' 


26. 8^ 
26. 84 

226 3 
226. 5 

5-a*’ . 

.226 


40- 30 

2- -■ 

Jy44 3.331 i .23r 
,3.294; 

_ — 


225. 0 




Tk same comments are here to be made as in tiie case of the previous 
sample of nearly pure butter fat. No noteworthy chemical chauge had 
occurred in this sample of butter fat after having been kept in stora^^e at 
a temperature of F. for a period of six months, With respect to the 
fat taken from t he sample of butter so prepared as to contain the greatest 
number of constituents in addition to the fat, the same obsetauUons are 
here to be made as in the previous cases of two different lots of butter 
contaiuing smaller numbers of nonfatty constituents. The chemical 
constants here show little or no \uriation from those obtained with the 
nearly pure butter fat, and there is apparently no chemical change in the 
fat of butter prepared with a still greater number of substances in acldi- 
ticiu to the fat, owing either to the presence of these snbstance.s or to the 
presence of the confined air. An analysis of this confined air, houe\-er, 
gives some very striking data (Table X\TI_1 whej] compared with those 
obtained in the foregoing samples. 


TAjaeXVII.— -tiiabw of air in unn'Qihd buiicr, -Hh high content of non/aity 
ingredicnis, stored ai 0^ F. 

ICak'iilatcd to 0° C. and mm. Protein per cent. Tola! XXt.jSl 


A:e. ToUU'as. 

Tdra! v.irb<'n .di.xi ; 

Tou!, 

vviVi. 

‘ ‘ u-syiLitn.J 

Aknfb. C.c. 

C.c, 


C.c. 

PtnCKi. j C. {. 


(). IQ 

,U..n| 

0 . ;i 

2 - 43 ) 4- 01 

28.23 

8 . 04 


.02 j 

2 . 20 1 3 , h 6 


5 . 1,3 

2 ;. 8 () j 

•47 1 

1 I. 6 I ! 4. 20 


9-97 

2t). n 1 


•97 i 2 .t >4 

!• 11 i 5 . 17 


i 7-41 

i 



■' After dedurting- the fictirc for carbeyn diosk! (rotti the total tjuantiiy 0! ras extracted from the tubes, ad 
aKiimiiii- that the residual j/as is pure air— that is, spprosira.il < ly one-fiith oxyyi'n. 


1 he maximum content of carbon dioxid (3?. 67 per cent) in this .sample 
of unwashed butter was noticed after a storage period of three months, 
at about which time the characteristic "off flavor” became distinctly 
noticeable. At the end of two months there was very little oxygen in 
the sample; yet even this shows a ])erccptiblc decrease during the storage 
interval. 
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VI, X,). 

It has been indicated in the foregoing experiments that the quantity 
of carbon dioxid occurring in the gas inclosed in a package of stored 
butter is proportional to the amount of nonfatty ingredients incorporated 
into the material. There is also a more or less pronounced decrease in 
the oxygen content during the storage period. The following additional 
expcrinictit \\ as made with the view of confirming this relative chan^^t in 
the percentages of carbon dioxid and ox\ gen, and especially to determine 
the quantities of these gases occurring in unwashed butter at the lime of 
its manufacture, since all the above-described analyses were made upon 
the samples after an interval of t^vo months in storage. 

For this purpose some unwashed butter was prepared from cream 
pasteurized at 145° F. for 20 minutes, and, as in the other cases, ripened 
with a pure culture. The cream was ripened to au aciditv of 0.45 p^r 
cent (calculated as lactic acid), cooled to 7° C. (44.6° F.), held overniaht 
during which the acidity rose to 0.67 per cent, and then churned. The 
buttermilk was drawn of? and the butter allowed to remain unwashed. 
The butter w'as then sailed w ith chemically pure salt and worked on a 
table worker. This butter contained 4.72 per cent of sodium chlorid and 
0,56 per cent of protein (total XX6.38). The butter was then packed 
into the special glass tubes for air analysis. 

The gas in the first sample \va,s extracted therefrom and analyzed as 
soon as possible after the butter was made — that is, hours. Tlie 
remaining samjdes were kept at room temperature, but in the dark 
(Table XVIII). 

T.\ble: XVIII . — of air from a second sample of umimked huftcr kept at room 
iemperaiure but in the dark 


ICalciilatf'd to C. and 763 tmii. Protein 0.56 per cent. Total XX&.jSj 


Age. 

: Total gas. 

Total rarlxn 


Total oxygen. 

Calcnlaiod 
ox Vigen.* 


' C. f. 

C.c. 

1 

Per cent, j 

C. c. 

Pit cent. 

c.f. 

i>< hours . . . . 

• • • • 37-7 

7 - 5 ' 

19. 89 1 

7. 7 

20. 42 

6.0 

2 davs 

• • • • 3 j- 4 

r 4 

22. 16 i 

5-6 

16. 77 


7 duvs 

33 ' S 

r 5 : 

22, 19 , 

5 - I 

VS- oy 

5 ' ■> 

14 davs 

35. S 

S. 2 

22. 91 ■ 

3 -S 

10, 61 

.V 5 


‘ Aiter di*d 11111111,' llie fisrure for carbon dioxid from the total quantity of eas extrat-l eel frnin the tube a:tJ 
a&iumiug that the residual gas is pure air— that js. approximate[>- unt-fiiih oxj gen. 


Most of the carbon dioxid appears to have existed in the butter as 
soon as the manufacture of the material was completed. It also ap- 
pears to increase somewhat in quantity during a period of two wee^:s. 
The oxygen figures show in a striking manner the decrease in the in- 
itial quantity of this gas present in the butter, and it is apparent that 
it has decreased to practically one-half this quantity after being kept 
two weeks at room temperature in the dark. 



.«.* Progresnm Oxidation oj Cold-Sloyaiic Bmicr 

The question now arises whether there easts i„ ,)«. sam,,lm,iL,u.r 
tat the same homogeneous distribution of air bubbles as in (he nse of 
those samples of butter containing the varying quantities of nonia.iv 
ingredients, tor it is conceivable that the air incorporated into Ihe bmier 
fat may occur mostly in large pockets, while the other samiiles iinv 
contain, in addition, a certain amount of the total air incloseil within 
tht particles of curd, lactose, etc, 

Irt tiic first case it is reasonable to supine that a smaller surface of 
, material would be exposed to tbe iniluence ui the air than in the sccmil- 
vfct it is improbable that this would alter the basic facts, since the ana- 
lytical data obtained in the experiments indicate that tlie particles of 
nonfatty ingredients inclosing the air arc nu^re readily attached bv the 
oxygen therein than the fat itself. However, to obtain further* con- 
firmatory data on this point— that is, that the iionfatty constituent, s of 
butter are more readily attacked by the oxygen of the* air incorporated 
into the material than the fat itself— the following cx)ieriments were 

conducted. 

butte KMILK EXPOSED TO A L.\RGE SURFACE OF AIR 

Several of the special butter tubes were tilled with large fragment.s of 
cracked and ignited pumice. The pumice oi one lot of tubes was im- 
pregnated with the buttennilk from butter made from pasteurized cream 
acidified to i per cent with lactic acid before churning. The pumice of 
each tube of a second lot was treated with lo c. c. of a i per cent solution 
of lactic acid. The tubes of these two lots were kept at a temperature 
of 32® F, At various times tufies from each were removed from storage 
and an analysis of the air in them was made. The analytical data ob- 
tained are given in Table XIX. 

Table XIX. — (9.Yii/aft'o»!. of acid-oroaJv buHcmiik and of hdic acid exposed to ike action 
of a lar^e surface of air at a icmpiyaUtrc c/ F. 


Aciil hiittcrmiU:, Lacticaoid. 


I^rioEat F. j ! Oxjten, 1 


Diys. PlMifll, i Piro xS. DiiVy. , Pn Cfxt. j Pir fif!!. 


i'; 1 7' “7 I *'S7 -U' 1 '^ ' ^ 

Ji*) . 0 : 34- ,'7 21- 07 : 0 

62 0 ji. ye <)3 21. Of ! 0 


The change in the composition of the air in contact with the acid 
biitterrailk was \'ery marked during a storage inter\'al of only 26 days 
when this sample was kept at a temperature of 32° F. From a total 
percentage of 17.67 found to be present in the acid buttermilk when the 
material was 4Ti days old, the oxygen content fell to zero during the 
period between this time and 26 days. The carbon-dioxid content of 
the buttermilk, initially small in quantity, rapidly increases to a ma.xi- 
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mum, from which point it begins to decrease. It is also very clear from 
the control experiment given in Tabic XIX that the change in the com- 
position of the air inclosed in the material is not caused by decomposi- 
tion of the lactic acid itself or to any action of this acid upon the par- 
ticles of pumice. 

It has already been shown in this paper that the acidity of the cream 
from which the butter is made has a direct influence on the change, 
during storage at a temperature of o° F., in the composition of the air 
incorporated into the butter at the time of its manufacture. It has 
also been shown that but a slight change is to be observed in the com- 
position of the air from a tube containing a small quantity of pure butter 
fat exposed to the action of a large and confined surface of air while 
the fat was kept at a temperature of 32° F. It has likewise been demon- 
strated that practically no change in the composition of the air occurs 
when pure butter fat is exposed to the action of about the same amount 
of air as is usually present in normal butter while it is stored at a tem- 
perature of 0° F. As it has been proved by an analysis of the air from 
a sample of sweet-cream butter made from cream of low acidity that 
this kind of butter suffers very little, if any, measurable decomposition 
during a period of six months in storage at a temperature of 0° F,, and 
having also proved by other experiments that a decomposition of the. 
fat of w'hole butter stored at a temperature of F, for the same length 
of time is practicallv excluded, it is a logical conclusion that the particles 
of buttermilk inclosed in a sample of swcet-cream butter made from 
cream of low aciditv likewise suffers little, if any, measurable decompo- 
sition when the butter is stored at a temperature of 0° F. It was de- 
cided, however, to settle this point definitely by experiment. 

For this purpose the pumice of a third lot of tubes was impregnated 
with buttermilk from s\\ eet-cream butter made from pasteurized cream 
having an acidity of 0.108 per cent (calculated as lactic acid). The 
acidity of the cream in this case was practically the same as that of the 
cream from which the foregoing sample of sweet-cream butter was made. 
This last lot of tubes containing the swcct-cream buttermilk was kept 
at a temperature of F. (Table XX). 


Tarlb Oxidation of sv.^eet<ream hitkrmilk exposed to ike action of a large surface 

of air at 0° F. 


Period at o’ F. ' 

1 

Oxygen. 

Carbou dioxid. 

Days. 

Per 

Per cent- 

20 . 92 



20 . 93 

0 


20. 25 

0 

* 




That the sweet-cream buttermilk underwent practically no change m 
storage at a temperature of o® F. is shown by the foregoing data, 



Sept. II. t?*® 


Progressive Oxidaiion of Cold-Storage Butiir 94(5 


SUMMARY AND CONCLUSION'S 

The composition of the air confined within a package of pasteurized 
sweet-cream butter known to contain bacteria and made from cream 
havirig an acidity of o.n per cent {calculated as lactic acid) sliowed little 
no variation from its original composition after successive periods in 
stora'^c, aggregating six months, at a temperature of 0° F. A small 
ntitv of the buttermilk from butter made from pasteurized sweet 
m having the same low degree of acidity as the cream abo\ e mcu- 
^^oned when exposed to the tnduence of a ver\' large and confmed surface 
Tair appeared to have little, if any, effect upon tlie original composition 
the air when the buttermilk was stored for nine months under like 
^itions of temperature. A portion of this same sample of sweet-cream 
tli'ttcr when kept at a temperature of 32 ° F. showed a decided change in 
“ original coitrpositiort of the inclosed air, a change which was still 
t'rther increased when the butter remained for a short time at room 
" erature. This chati,ge in the composition of the air originally incor- 
il'Sed into the butter was expressed by a decrease in the iiercentage of 
^vaen and a corresponding increase in the pereentage of carbon d.oxid. 
Tl,k sample of sweet-cream butter still possessed a good score after s,x 
months’ storage at a temperature of o» F„ there being no mdicat.on of 

“TirSnge in the composition of the air initially indosed withm a 
I of butter made from sweet cream and cbtirned immediate!; 
package 0 commercial starter showed but little 

,pcr the ad men of , 0 ce 

rrsaU -- kcfh under ^ 

aC^td got^kc^mig puahties during its storage period of nearly 

from sweet cream aud diurne one-half times 

acid, the total aciditv of the cream ^ ^ sweet-cream butter was 
grcsiter than that of the ^ 

made, showed pronounced ^ ana i ^ variations 

successive periods of storage at a ^ at a temperature 

were still greater when the samp e ^ . progressive decrease 

o, 320F. Iuthiscasetbercwasacons.demb.ea.^^^^ 

m the original oxygen con tcii . butter made from 

content. A small quantity mimediatelv after the addition of 

pasteurized sweet cream and c urne ^ confined sur- 

lactic acid, when exposed to the action precisely the 

face of air under the same temper 
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same phenomena with respect to alteration in the original air composition 
The oxygen content of the confined air had entirely disappeared within 
a month's time. The carbon-dioxid content, originally 2.37 per cent 
had increased to more than 34 per cent mthin the same inter\^al, after 
which time it had begun to decrease. The flavor of this butter, which 
was prepared from pasteurized sweet cream and churned immediate^ 
after the addition of lactic acid, was somewhat unclean after a storage 
period of only three months at a temperature of 0° F., and decidedly 
so after being in storage for six months under the same conditions. 

Further, it has been indicated by the investigation pursued with 
pasteurized, ripened-cream butter through the successive steps from 
nearly pure butter fat to samples of butter containing varying rpian tides 
of ingredients other than fat and. finally, to samples containing the 
greatest quantity of protein, lactose, etc., and stored for a reasonable 
length of time (six months) at a temperature of 0° F., that the amount 
of carbon dioxid inclosed in a package of the material is directly pro- 
portional to the quantity of these ingredients contained therein. It 
has been shown that this quantity of carbon dioxid may increase during 
the earlier part of the storage period, followed by a decrease during the 
latter part. It is also of especial significance, perhaps, that the oxygen 
content of the gas in the material undergoes a marked and striking 
decrease during the interval that the samples of butter containing the 
varving amounts of constituents other than fat are retained in storage, 
and that this decrease is likewise proportional to the amount of acid and 
ingredients other than fat contained in the butter. 

The fat of butter made from pasteurized cream, on the contrarv. under- 
goes no apparent oxidation during the same storage period when kept at 
a temperature of F. It is only when a substance like pumice, which 
mav have cataivtic properties, is impregnated with a small amount of 
butter fat and exposed to the action of a large amount of air while kept 
at a temperature of 32^^ F. that a very slight oxidation is noticeable. 

The results of the investigations may be summed up as follow’s: 

(1) The development of undesirable flavors in butter held in cold 
storage at a temperature of o® F. is not dependent upon an oxidation oi 
the fat itself. 

(2) The production of '‘olT flavors'' so commonly met with in cold- 
storage butter is attributable to a chemical change expressed through a 
slow' oxidation progressing in some one or more of the iionfatty sub- 
stances occurring in the buttermilk. 

(3) The extent of this chemical change is directly proportional to the 
quantity of acid present in the cream from which the butter was prepared. 

(4) The quantity of carbon dioxid present in cold-storage butter 
appears to have a certain relation to the quantity of buttermilk in the 
butter. During storage this quantity of carbon dioxid may increase to 
a maximum followed by a progressive decrease. 



5ept n. 1916 


Progressh-e Oxidaiion Cold-Storage dhfkr q u 

LITKRATL’RU ClTRD 

(1) Fokwa, S, 

1912. Nov>^e izomer}- oJeinovoi kisloiy [Sur Ics nouveawx iwrncr.'^ v'c Wu'c 

olcique}: CH3(CH;),CH-CH(CH,.,„COOH i CH3(CH,i,CIUmCH,"'., 

COOH i vliani'e pepemKshcheniTa dvoinykii sviTi/et v ckasiitsF'. 
[In Russian,] In Zhur. Russ, l-iz, Khim. Obshdi. Cbast Kliim. . lour* 
Soc. Phys. Chim. Russc, Stet, Chim.y l, 44, vyp. p. ' 

(2) Funk, Casimir, and Macaiu m, A, B, 

1914, Die chcinischen Detcrriniiajiten c!es Wiichstuins. In Zischr. J'livsiol. 
Chem., Bd, 92, Heft i, p. 13-20, 1 pi, 

(3) D.axa, Otakar, and Koxcc.nY, Alfred. 

1913, Die Lipoide des Zentrifugensclilarnmes und ilire Bedeutung fur die 

Bildung des Milchfettes. hi .Milcinv. ZenthI,, Jalirg. 42. Heft 2:, p. 
663-671; Heft 23, p. 691-697, 

(4I McCoi.li-M, E. V., and D.wis, HargueHte. 

1914, Observations on the isolation of the substance in butter fat tvliich exerts 

a stimulating influence on grou-th. In Jour. Biol. Chem., v. 19, no. 
2, p. 245-250. 
i_5) Mackey, W. McD. 

1915. Note on the behaviour of some oils and fatty acids in Mackey ’.s ckitli 

oil tester. In Jour. Soc. Clieni. Indus., v. 34, no. n, p. 595-to7. 

16) M.asters, Helen, and S>nTfr, H. D. 

1914. The changes in tlie character of fats during the process of cooking. In 
..Analyst, V. 39, no. 461, p. 347-350, 

(-) OSBOK.VE, T. B., and MEXDEf,, L. B. 

1913. The influence of butter-fat on grovrth. In Jour. Biol. Chem., v. i6, no. 
j, p. 423 -4.5; ■ 

(S) Po-NZio, G., and G.asT.aldi, C. 

1912. Relazione fra il nuuicro di iodio c la strattura degli acidi della scric 

oleica. In Gaz. Chim. Itak, v. 42, pt. 2, fasc. i, p. 92-95. 

(o'i Rogers, L. A.. Berg, \V. X., and others. 

1913. Factors Influencing the change in fla^■or in storage butter. V. ii. Dept. 

Agr. Bur. Anim. Indus. Rul. 162. 69 p., i fig. 

(ic .~ and Gr.ay, C. F, 

!</>,). The. influence of acidity of cream on the flavor of butter. U. S. Dept. 
Agr, Bur, Anim. Indus, Bui. 114. 22 p. 



PLATE CXI 

Gas apparatus used in the extraction and analysis of the air confined in butter. 

(952) 





bacteriological studies of a soil subjected to 
different Systems of cropping for twenty- 
five YEARS 

By P. U Gainey and W, M. Gibbs, 

Department of Botany, Missouri Agricultural Experiment Station 

INTRODUCTION 


During the past few years a nuinber of soil biologists have reported 
their findings regarding the eiTects of different agricultural practices upon 
the bacteria of the soil. The majority of these investigations have 
been concerned with determining the gross effects of a particular treat- 
ment upon the physiological activities of the flora as a whole. Such 
factors as continuous cropping, rotational systems, cultural methods, 
application of chemical fertilizers, and manures have been studied. 
\mon" the more recent workers reporting such, investigations in the 
United States may be mentioned King and Doryland (io),‘ Stevens and 
Withers (i8), vStewart and Greaves (19), Lyon and Bizzell (12), Temple 
(20), Jensen (9), Given and Willis (6,7), Brown (2,3.4), Hill (S), 
Allen and Bonazzi (r), Wright {22), and McReth and Smith (13). 

It is not necessary to give any extensive review of the work that has 
been done as the papers referred to above contain full summaries of the 
results thus far obtained. Special attention ma)- be called to the review 
oiven by Temple (20) as to the effect of stable manure, by Hill (8) as to 
the effect of other organic materials, and by Lyon and Bizzell (12) as 
to the effect of different growing crops. The a\-ailable data leave little 
doubt that certain of the above-mentioned factors do exert a marked 
effect upon soil organisms. In very few instances, however, has any 
serious effort been made, to ascertain just how such factors exert their 
influence In most instances the treatment in question has been m 
operation a comparatively short time. Brown (5), tor example slmhed 
the effects of a 4-ycar rotation while the fourth crop was still on the 
soil or before the cede was completed the first time. It is true that 
the quantities of nitrate nitrogen have been determined « iol o™g 
long’continued cropping systems. With our present -U’ 
edge as to the demands any particular crop makes upon ^ - 

surf, information gives us little insight into nitrate 
Bonaed (.) carried out a few laboratory experiments, fo I wmg a Ion 
continued treatment, but obtained such irregu at res 
regarded them of little val^v^ a nd tMH.s (6, 7) 

1 KcferetKN is made by number to Uter atn.e cited, p 
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ported a limited number of experiments following 30 years of continuous 
treatment. , 

It was with the ultimate object of attempting a study of the funda- 
mental causes for variations in certain changes in soil nitrogen that this 
work was undertaken. Before it could be begun, however, it was first 
necessary to determine the existence of differences under our conditions. 
Furthermore, it seemed desirable to compare the relative effect of long- 
continued treatment with that of the shorter periods reported by others. 

The Missouri Experiment Station possesses a series of fertility plots 
that offered exceptional opportunity for making the above-mentioned 
studies. The plots cover a rather wide range and have just passed their 
twentv-fifth year of continuous treatment as outlined in the original 
project. Some very valuable data as to the effect upon fertility as 
measured bv crop-producing power have been obtained. It would 
seem as if 25 years would have so materially changed the micro- 
organic life therein that such could readily be detected, provided such 
differences were actually brought about. With such material upon which 
to work it would seem that the verity ot marked differences in similarly 
treated soil reported by others could be established. 

The data herein reported have been obtained from some of the plots 
that have given the most marked differences in yield, as it was believed 
such plots would offer the best material upon which to work. The work, 
however, is concerned only with demonstrating the existence of diffe.r- 
ences and offers only one or two suggestions as to the actual cause of 
such differences. AVe hope to be able to throw more light upon this 
particular field at a later date. Furthermore, the particular data here 
reported have to do only with bacterial numbers and with ammonia and 
nitrate-forming abilities. 

Certain facts, which, we believe, we have very clearly demonstrated, 
have been of value to us in directing further work. It is with the hope 
that the data may be of similar value to others that we present them in 
this paper. 

PLOTS STUDIED 

The ferlility plots of the Missouri Experiment Station are located on 
the soil type classed as Putnam silt loam. They were first planted to 
the present system in 1889 and, with few irregularities, have received the 
same treatment as outlined, Each plot consists of one-tenth acre and 
is surrounded by an alley 3 feet wide. In selecting from the large num- 
ber of plots the few that could be handled in our work, an effort was 
made to include as wide a variation of treatment as possible and at the 
same time to avoid inherent soil differences in order that the work might 
be comparative. 

The plots studied are, with the exception of Xo. 29 and 30, located 
just at the crest and on the eastern slope of a gentle rise. Plots 29 and 
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V) are of a slightly different texture, being located on ;lie we>urn 
yf the same rise. For this reason they are omitted from the gm.-mi 
scheme and are compared with each other only. The greati-st distance 
jjetvveen any two plots (Mo. i and 23) only about 85 yun 1 >. It v>\:s 
impossible to get the specially treated plots that we wishc-d to ^tadv 
located any closer together. It is not believed, however, that aiiv dirk-r- 
ence due to character of soil, location, etc., could materiallv affect the 
major differences reported. The plots studied, ireutmeni receivtal. and 
vields are given in Tabic I. It will be noted that the plots studied during 
19s. I varied somewhat from those of the previous \ear. This was luves- 
sarv because of a change in treatment in certain plots beginning in i<)i4. 
In the tabulated data, plot i always includes the data obtained from 
plot 20 (a duplicate). Similarly plot 10 includes, data secured inuu 
plot 21 (a duplicate), 

Where stable manure has been aj^plied, it has been an annual appli- 
cation averaging 6.7 tons per acre on all plots exce])t No. i, which re- 
ceived 7 tons. The chemicals were applied anmiaiiy on plots 2 and 3 in 
the form of sodium nitrate, potassium chlorid, and acid phosphate in 
quantities sufficient to supply nitrogen, potassium, and phosphorus for 
a full yield of the particular crop. In the case of wheat this was for a 
vield of 40 bushels. The rotation consisted of corn, oars, v;he.al, clover, 
timothy, and timothy. The other plots have been annually jdanled to 
the specific crop mentioned. 



'i'AJLSMC I ('iol>f>ii!(i yyshni, ftvatnicul, tmd yields oj Ihe vurious fertility plots sludied al Columbia, AJo. 
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EXPERIMEKTAI, METHODS EMPLOYED 

Practically all the methods here mentioned have been severely criti- 
cised during the past few years, particularly by Ldhnis and Green (11) 
^llen and Bonazzi (i), and Noyes (if). However, in our laborator^ 
the methods described below have proved, for the object in view, equal 
or superior to any suggested prior to the begiumng of this work. 

Samples for the various analyses were taken witli a i^-inch soil auger. 
Ten to fifteen samples were collected from each plot to the depth of the 
soil, which was about 10 inches. The cores of soil were taken uniformly 
all over the plot, avoiding close proximity to the surrounding alleys. 
They were placed immediately in sterile Mason jars in order to prevent 
loss of moisture and to avoid contamination, so far as possible. The 
samples were then brought to the laboratory as soon as possible, where, 
under aseptic conditions, the soil was passed through a 2-mm. sieve and 
thoroughly mixed. Samples were immediately taken for quantitative 
analyses and for moisture determinations. 

For moisture determinations 50 gm. of soil were dried at 110° C. for 
two hours. To determine the water-holding capacity, 50 gm. were 
placed in a carbon filter containing a perforated porcelain bottom and a 
measured quantity of water poured on top. The water urns permitted 
to percolate through the soil. The process was repeated two or three 
times. From the amount of water absorbed plus the quantity lost in 
drying, the water-holding capacity, expressed in grams of water held per 
100 ^m. of dry soil, was determined. Data obtained by these methods 
arc, of course, not absolute. But the process possesses two essentials: 
Quickness of manipulation and comparativeness. Since slight dif- 
ferences in water content, when near the optimum, exercise but little 
influence upon bacterial actimty, it is believed the error introduced is 
not appreciable. 

Quantitative analyses were made by carefully weighing i or 2 gm. of 
soil, placing it in 98 or 99 c, c. of sterile water and shaking vigorously for 
one minute. From this suspension dilutions were made in the ordinary 
wav. Finally, i c. c. was placed in each of three sterile Petri dishes and 
thoroughly mixed with 10 c. c. of Temple’s agar (20). fhe dishes ■were 
then incubated for one. week at room temperature and all colonies counted 
with the aid of a hand lens. If one of the dishes varied widely from the 
other two it was discarded. The same was true if dishes were overrun 
by spreaders or molds. The results are reported in millions of bacteria 
per gram of dry soil. 

The ammonia- and nitrate-forming e.xpcriments were earned out by 
thoroughly mixing into fresh soil (the equivalent of 100 gm. of dry soil) 
sterile cottonseed meal containing 60 mgm. of nitrogen. ^ This was 
placed in a sterile 500 c. c. wide-mouthed bottle and the moisture con- 
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tent made up to the optimum (hvo-thirds water-holding capacity). Two 
samples were incubated for one week and two for four weeks. The 
ammonia and nitrate nitrogen were then determined and reported as 
milligrams of nitrogen and nitr^^es (XO3), respectively, per 100 gm. of 
soil. In 1913 the ammonia was determined as follows: The water con- 
tent was made up to a definite volume and the whole shaken for 45 
minutes. Two gm. of calcium oxid were then added and the contents were 
again shaken for a short time and allowed to stand until the supernatant 
liquid became clear. A definite volume of this liquid was then distilled 
in the presence of magnesium oxid, the distill.ate being collected in 
standard acid and titrated. The calcium oxid was added as a clarifying 
agent in order to obtain a solution upon which nitrate and nitrite 
nitrogen could be determined colorimetrically. The presence of this 
reagent caused a perceptible increase in the ammonia set free, prob- 
ablv liberating some of the loosely attached nitrogen; but since the 
results arc comparative and because of reasons already mentioned, tlje 
method seemed justifiable. However, such insignificant quantities of 
nitrate and nitrite nitrogen were found after seven days’ incubation 
that these determinations were discontinued during 1914, and the am- 
monia was determined by direct distillation of the soil in copper flasks. 

Where the incubation lasted for four weeks, the w'ater loss by evapora- 
tion from the soil was replaced from time to time. Besides these experi- 
ments, samples were also run during 1914 with the addition of calcium 
carbonate in excess of that required to neutralize all nitric acid that could 
be formed from the cottonseed meal. Xitrate nitrogen was determined 
in all cases upon an aliquot part of a solution, obtained as directed 
above, using the phenoldisulphonic-acid colorimetric method. 

The nitrifying inoculation experiments \vere conducted as follows: 
A soil possessing both a high nitrifying capacity and nitrifying efficiency, 
in the sense that Stevens and Withers (17) use these terms, was selected 
as a standard medium, To loo-gm, samples of this soil, cottonseed 
meal containing 60 mgm. of nitrogen was added, sufficient water added 
to bring it up to optimum, less 20 c. c,, and the whole subjected to 20 
pounds’ pressure for one hour in the autoclave. These samples were 
then inoculated from the various plots with 20 c. c. of a soil suspension 
made by shaking 1 part of soil in 2 parts of water. The incubation 
covered a period of 28 days at room temperature. Ammonia and 
nitrates were determined as stated above. The results arc reported in 
milligrams of nitrogen and nitrate (XO^), respectively, per 100 gm. of 
soil. It will be noted that the nitrate data for 1913 arc low, in m.any 
places zero. This was caused by the failure to add calcium^ carbonate 
which was added in 1914. Apparently some substance toxic to nitn- 
fication is produced by heating. This substance gradually disappears on 
standing, and the disappearance is materially hastened by the addition 
of calcium carbonate. 
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the cross-inoculation cxpernnenls were testcfl by taking a mixture of 
jili samples collected during both seasons from the respective plots, 
thoroughly mixing, and using as a medium loo-gni. samples containing 
60 tngm. of nitrogen. These samples also subjected to 20 pounds’ 
pressure for one hour in the autoclave. A sufficient number of samples 
were thus prepared for duplicate inoculation from each plot under 
'tudy One of the duplicates received calcium carbonate; the other 
did iiot These samples were incubated for six instead of four weeks 
and nitrate nitrogen determined as before, 

In all the above-outlined experiments duplicate samples were set up 
md analyzed. Where possible, as in the nitrate determinations, dupli- 
cate determinations were run with each sample. If these varied widely, 
they were again run; or where this was impossible, they were discarded. 
In General, the duplicates agreed very well, except in the nitrifying inocn- 
latiV experiments when incubated for only four weeks with no calcium 
carbonate added. Perhaps these results should not be included in the 
tabulated data; but since the relative positions of the averages do not 
materially differ from those of they have been included. 

EXPERIMENTAL WORK 


NUMBER OF BACTERIA 


Table 11 gives the moisture content of soil from the different plots at 
the various samplings. 


Table lh~^Pcrceniage of woisiure h of {hefertiliiy plots ^-he n sampled^ 
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possible that some other factor was influencing plot 20. The plots re- 
ceiving clictuical fertilizers ranked a little lower than the lowest receiving 
manure but materially higher than those rccemng nothing. 

Tabce; III. — \'ti>nb7r of baderia per gram of soil “ 


[,f»o omitted] 



If the effect of the various ortipplng systems in the absence of manure 
is considered, the various systems rank in the following order in 1911; 
(i) Titnothv, (2) rotation, (3) corn, and (4) wheat. Wheat and com 
are about equal, with a marked increase in the rotated and the timothy 
soils. In the presence of manure the rank is almost the reverse: (i) 
Corn, (2) wheat, (3) timothy, and (4) rotation. Here, again, wheat and 
com are approximately equal, with a marked falling off to timothy and 
a somewhat less decrease to the rotation. 

Just whv manure shoidd have the effect of raising the bacterial content 
of wheat and com from the lowest to the first rank is not known. On 
the other hand, just whv it should have less effect upon plots with a nor- 
mally higher count is equally not understood. The peculiar behavior 
of the rotation plot receiving manure is very striking, the bacterial 
numbers being only slight!}’ aff'ecte<l, Particularly is this so when we 
remember that this rotation is composed of corn, oats, wheat, clover, 
and timothy, since com, wheat, and tiniolh v bring about conditions which 
readily respond to manure. It should be remembered that if samples 
had been taken from rotation plots when some crop other than clover 
or timothy was growing, the results might have been different. A 
possible explanation of the lack of effect of manure upon the rotation 
plots and a less-marked effect upon timothy may lie in the amount of 
organic matter that these plots themselves return to the soil. The less 
the quantity of organic matter returned to the soil apparently the more 
marked is the result from manure. 

The results secured from eight analyses of plots 29 and 30 (not given 
in Table III) indicate that the effect of manure is in part accumulative. 
Plot 29 had received only 6 applications of manure against 25 for plot 30, 
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,vhile the average bacterial count lor Xo. 29 was and for 

Xo. 30 13,632,000. This accords with Temple’s idea (20) that 

^],e increase in number is largely due to the fenneutable material 'added 
and not to the bacteria actually carried in the manure. 


FORMATION Of AMMONIA 


The results presented in Table IV seem to the writers clcarh' to estab- 
lish one of two facts, either that the systems of cropping under study 
exert no appreciable influence on the ammonia-forming power of this 
soil type or that the methods used for determining such dilTcrences arc 
valueless. Since many investigators ha\-e been able to detect marked 
differences xvith essentially the same methods, the former conclusion 
might seem most likely. \Vc would call special attention, however, 
to the results obtained by Gi\-en and Willis (6, 7) and Perotti (1^1, 
to^^ether with their conclusions regarding the existence of dilTerences 
and the value of methods in vogue for determining this phenomenon. 

It is true that during 1913 the plots receiving manure gave slightly 
higher results than those receiving no such treatment, but it is equally 
true that the reverse is evident for 1914. Furthermore, there seems 
to be no correlation between the number of bacteria and the amount 
of ammonia formed. 

It mav be argued, in view of the nitrification data given later, that in 
the plots receiving manure the ammonia formed was transformed into 
nitrates. But, as previously mentioned, the accumulation of nitrates 
in seven davs’ time in the presence of cottonseed meal is practically nil. 
In fact, the senior writer (5) has dcinonst rated that under such coiidi- 
tions there is a rapid disappearance of nitrate nitrogen during the first 
few days. To ascertain this condition, determinations of nitrate nitrogen 
were made during 1913 which showed, as mav be noted, that the above 
contention was verified. The greatest quantity of nitrate nitrogui 
recovered after one week's incubation was 3.5 mgm. from plot 10. ^ It is 
true that there were large differences in the amount of airinionia in the 
four-week analvses; but if we add the nitrate and ammonia nitrogen, the 
differences are slight. From the ammonia figures it is also evident that 
in no case, even after four weeks’ incubation, in the absence of calcium 
carbonate was nitrification limited by the formation of ammonia, i us 
possibly did not hold true in a few cases when calcium carbonate was 
added. 

formation of NlTR.VTF 


In our study of nitrate formation we have obtained the most marked 

and consistent results of any of our studies. This is graphica 

figure I for the four-week incubated samples without ca emm car ona 
Tables IV and V give the tabulated results of cxpennients conducted 
nitrate formation in natural soil from different plots. 
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FlO. I. — Curves of the nitrate fonuatiun in soil of ferLility plots at CoUimbia, Mo., in 3913-14, after rSdays’ 
iucubatioTi with the addition of 60 mgin. of nitrocen as cottonseed meal, but without the addition of 
cakiiitn carbonate. 

Table IV. — Ammonia and niimie formation {in milligrams) in soil from different 
fertility plots at Columbia, Mo., during j days' incubation uithout addition of calcium 
carbonate 
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Here, again, the marked effect of manure, particularly in the case of 
com and wheat, is evident. These two plots rank at the bottom of the 
series when untreated, but by the addition of manure they are moved 
from ninth and tenth places to first and second, manure ha\dng a much 
greater influence on these than on any other plots studied. The effect 
of manure is quite marked on the timothy and rotation plots, though not 
nearly so great as in the case of com and wheat. Considering both 
seasons, we find the percentage of increase caused by the application of 
manure to be as follows : 


1914 1913 

Corn percent.. 217 160 

Wheat percent.. 150 

Timothy percent.. 47 44 

Rotation percent.. 2S 32 


The increases due to the application of chemicals were as follows: 
Wheat. 103 per cent; rotation, 30 per cent. 

These figures are from the ayerage of those samples receiving no 
calcium carbonate. Considering the same phenomenon when calcium 
carbonate was added to the test samples, w’e find entirely different data: 
Corn, 39 per cent; wheat, 21 per cent; timothy, no increase; rotation, 
9 per cent. When chemicals w'ere added the increase of wheat was 9 
per cent; that of the rotation plot, 4 per cent. 

The apiilication of calcium carbonate to the soil from different plots 
in 1914 gives some equally interesting data: 


Cropping 


5 PcTccntajie 
j ofinm'-aji* 
duetoca!- 
I cium car- 
I iionaie. 


9 

10. 


13 

T . 

3 - 


.! Continuous com 

. . I Continuous corn, with the addition of manure i 15 

. . Continuous wheat | iS; 

Continuous wheal, with the addition of manure 1 40 

. . ContinuotJS wheat, with the addition of chemicals 54 

. . Continuous ti motliy ^-2 

Continuous timothy, with the addition of manure .t 7 

Six-year rotation j ^9 

Six-year rotation, with the addition of manure 

Six-year rotation, with the addition of chemicals p 


Calculating from the 191-I te^ls the percentage increase in the nitrate 
formation of manured soil with the addition of calcium carbonate o\ cr 
the untreated in the absence of calcium carbonate, we a])proximate the 
combined influence of both factors, Estimating the theoretical effect of 
the two factors by adding the increases resulting from manure alone and 
from calcium carbonate alone, very different results are obtained. 

From these data and those given above it is evident that in onl> one 
case of the series studied is it possible to replace entirely the calcium 
carbonate by manure or the manure by calcium carbonate. HoweM'.r, 
this may be done to a very large extent. In the case of timothy it is not 



Sept. u. 


Siudics of a Soil 

possible to replace calcitinicarhonatEiuithniaimre Tl... .jt- . > 

however, can be entirely elimi rutted bv ca’ciiini ’Witniire, 

voukl be expected, tfie percentage increases due'ire^l': 

,01 replaceable by manure arc in;n irrversc at Ck ^ 
replaceable by calcium carbonate. Such increase ' " "f 
correlated with the tyi.e of crop-that is, those crops rnr.TalH !r"T 
the soil of organic matter (corn and , cheat) shore a laige'pcrccrt' 14 m 
create rom manore not repiaceahle by oalcirm, carbolmc,' «hii:i . "l 
naturally keeping up the organic matter (rotated) shorv a lamer nerec,'. 
age due to calciiini carbonate nor. repkceable by manure ' ’ 


L;t;c fit iucTt'asi; I'lte , 
iRariitrt- aiii c.'tlciym riitlj.iiiim..' 


Corn 

Wheat 

Timothy. , 
Rotation. 


2(j4 ; 


It seems evident that in a general way the. effect of the two agencies 
are the same, so far as nitrate formaiton is concerned. Tljis tioe.s not 
support Temple's contention (:o) that the, bencfjcial effect of manure is 
due to organisms actually brought iit wiih the manure. 



Coni. .. . 
Wheat.. 
Tinicuhy 
Rotation 



H is also interesting to note that in the, ratation studied either with or 
without the addition (vl calcium carbonate, the eficoi. (ui nil rate tormation 
c.f the chemicals has been practically identical witli that of tire niainire. 
In the case of wheat, chemicals iiave had only about cnedtalf of the bene- 
ficial effect that manure has had. As to the effects of the difFereiit crops, 
corn and wheat undoubtedly have a liarmful effect in the absence of ma- 
mtre, both rHukiiig very low either witii or without calcimn carbonate. 
On the other hand, with the addit.it>n tif manure they are raised from tcni'a 
and ninth places to first and second places, respectively, Timothy and 
the. rotation are approximately c.qual and very much higher than corn 
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and wheat. The effect of manure, however, was not very marked on 
either, being somewhat more pronounced in the case of timothy. When 
calcium carbonate was added to the test samples the only noticeable effect 
of the crop is the low position held by com and wheat in absence of ma- 
nure. 

The fact that the addition of calcium carbonate to samples eliminates 
to a large extent the very large and unmistakable differences, otherwise 
detectable, raises the question as to which method probably more accu- 
rately represents field conditions. We shall only call attention to the 
fact that Lohnis and Green (i i) vigorously maintain that the addition of 
calcium carbonate is essential, while Temple (21) has shown that with 
organic sources of nitrogen vigorous nitrification is possible even in acid 
soils. Table VI gives the results of an experiment to determine the effect 
of varying the quantity of nitrogen and calcium carbonate added. This 
test w^as run in order to determine the specific quantity of calcium carbo- 
nate necessary to insure maximum nitrification and also the correct 
amount of nitrogen to be added. 

T.\bt,f: \'I . — Effect on nitjate Jormahoyi cj larying the quantity of calcium carbonate and 
nitrogen added to soil 


Plot 17, PlotiS. 
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“ Nitrogen constant, calcium carbonate varyinj. f Nitrate origioally in soil. 

6 Calcium carbonate constant, nitrogen varying. 


The amount of nitrate formed in seven days is so insignificant that 
we have left the 7-day data out of consideration. It is interesting, 
however, to note that those plots which rank high for 28 days also rank 
high for 7 days. 

A study of the relative position of the different plots at the various 
analyses shows clearly that the method used is reliable for detecting 
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a fences, whether the nitrate-forming power is low or high. Table 
Tl gives the relative rank of the different plots at each analysis, Tig- 
I illustrates very clearly the low and the high nitrate-fonning power 
at different periods. 

vtt nitrate formaiioy: iviihoul ndJitimi cf caldirn (arhon'ile (TahU V'^ 

ploU studied i». 1913 thdr fcUihe rad- at 
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eliminated I . ascertain tvhttlier this can be traced to an 
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elimination of acid CO Bxpctirac.it Station, bas 

meat of f“i„„,ia„ data regarding the K.ne requirements 

oundstr acre: Plot . 7 , 9 C«: pW bb 7 .c-; pW . 7 . 7,900; 
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plot r8, 2,4-00; plot 22, 2,4 _ , P - concerned, the differences 

[t will be noted that, so * b ™p ts 
iu lime requirements are ver> « ^ Commercial fertilizers 

Manure bept the acidit) or ( Scverthcless. 

to had rto ■ irement not materially different 

continuous corn soil "i* > „r continuous wheat teceiving com- 

[torn that of the ro a „i,„rcs 

metciai fertilizers produced on . ^ transferring the organisms 

as these soils. It «ill be = 'a - 

to a common pabulum 7“’*'“ ‘ I„ this connection, as a sug- 

does not eliminate the large d Setute ■ 
gested explanation of one oI Uteteff-ts 
we call attention to the nor , carbonate upon 

■ demonstrated the stimulative efftc to permit 

It is not impossible that soil „.hile »th« 

the accumulation of nitrate-fonmn, , 



968 


JouynCil oj Agricultural Research 


VI, Ko. 

will not permit similar accumulations. The work of the Bureau of Soils 
has also demonstrated that calcium carbonate is rather efiicient in 
eliminating the toxic effect of certain decomposition products found in 
soils, and the beneficial effect might, in part, be due to an action of this 
nature. 

The following data were obtained during 1913 concerning the relative 
effect of 6 years’ application of manure compared with that for 25 years: 
Plot 29, continuous wheat, received manure for 6 years and produced 
in one week’s incubation an average of 5,35 nigm. of nitrate; in four 
weeks an average of 116.6 mgm. In the inoculation experiments it 
produced 15.3 mgm. Plot 30 received manure for 25 years, othenvise 
similar to No. 29, and produced in one week 6.5 mgm. of nitrate; ir, 
four weeks 127 mgm., and in inoculating experiments, 27.5 mgm. This 
indicates that the shorter period of application has produced almost the 
same effect as the longer. 

XITRIFYIXG IXOCrivATlOX EXPERIMENTS 

iiie results of the nitrifying inoculation experiments arc reported in 
Table \T 1 I. It should be borne in mind tliat the 1913 results were 
obtained under conditions not favorable for nitrate formation, no calcium 
carb(uiaLC having been added, 'fherefore, too much weight should not 
be attached to these results, The 1914 results, however, were secured 
under favorable conditions. It is worthy of note, though, that there is 
a ver^’ ciose agreement between the relative rank of the plots in the 
inocuiaLing e.-nieriments both seasons and the nitrate-forming experi* 
iritiiis. fiiis is sliowo 111 Table IX, together with the relative position 
of ‘ vn ial numbers, 

the agreement is not absolute, but it is close enough to indicate the 
probabilitv of the same factors controlling the nitrate formation in the 
two instances. This being true, the factors must be biological in nature 
rather than chemical or physical; othenvise they probably would not be 
transferred in 20 c. c. of a 2 to i soil suspension in sufficient quantities 
to exercise much influence, lliere is also exhibited here a close correla- 
tion between bacterial numbers and nitrate formation. vSince, however, 
no such correlation can be traced in ammonia formation, there is little 
reason for believing the two factors connected other than that piobaLh 
the factors controlUng both are the same. 
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Tablb IX. — Coinp(inson_of ihe tanks in ipirj ntid 1014 of the bacterial numbers and 
nitrate-forming and inoculation experiments 
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7 
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3 
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3 

4 
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6 

5 

i ' 

6 

6 
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CROSS-IXOCULATIOX EXPERIMENTS 

Unfortunately, time permitted the conducting of only one experiment 
along the line of cross-inoculation. An effort was made to make this as 
representative as possible, both by using as the pabulum a mixture of all 
samples collected from the respective plots during both seasons and by 
inoculating in duplicate sterile samples, containing 60 mgm. of nitrogen as 
cottonseed meal from everv other plot. In addition, calcium carbonate 
was added to one of the duplicates. The results are reported in Table X. 

Reading horizontally, one obtains figures representing the capacity— 
using this term in the sense that Stevens and Withers (17) used it— of soil 
from the different plots to support nitrification both with and without 
the addition of calcium carbonate. It is noted that all the soils will 
support vigorous nitrification, provided ^fignrous nitrifiers are added. 
If the averages in the last column are examined, it wfill be noted that 
when calcium carbonate is added differences can be noted, but they are 
not so marked as some other results, the highest figure being 99.9 and the 
lowest 72.7. In the absence of calcium carbonate the figures are not 
nearly so high, and, though the differences are somewhat more marked, 
the relative positions are not materially different from those where 
calcium carbonate was added. Examining any vertical column, we ob- 
tain, figues representing the ability of the various soils to support the 
nitrifving flora from any one particular soil; or inversely, the ability of 
any particular soil to inoculate the others, This also varies materially, 
indicating that the soil does exercise a marked inlluence upon nitrifica- 
tion, some floras thriving better in one soil and other floras better m 
others. Considering the average of the vertical columns, we obtain what 
may be termed the “relative inoculating ability,” Here wc obtain our 
greatest variation, indicating, as previously suggested, that to the flora 
itself must be ascribed the major differences in nitrification. Here again, 
the continuously cropped plots, wheat and corn, rank lowest when no 
manure is added; but manure exercises a greater influence on them than 
any other in the scries. In the case of timothy, manure lias not increased 
its inoculating ability; in fact, the reverse is true, while with the rotate 
plot the effect has not been nearly sf> great as with corn and wheat. 
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The capacity averages in the last column of Table X place 

timothy at the top of the list, manure in this case having no effect. Xext 
in order are wheat and corn, where manure is added. Manure had no 
increasing effect on the rotated plot. The continuously cropped plots 
without manure, the rotated plots, and the plots receiving chemicals 
vary little. Manure here exercises little or no influence on those crops 
not depleting the soil of organic matter. 

It is evident that the nitrifying floras of plots 9, 17, and 22, the first 
tw'o especially, w'ere extremely w^eak. Though these plots possessed 
at this time good nitrate-forming floras, they were not able to overcome 
the adverse effects experienced in transferring them to soils slightlv less 
favorable but in which a more vigorous or differently constituted flora 
thrived. 

NITR.ATrv XrTROGHX UNDER ElEUD CONDITIONS 

In Table XI is given ihe quantity of nitrogen as nitrate per 100 gm. of 
soil w'hen the soil w'as collected from the held, but nothing particularlv 
marked is to be noted from the results given. As w^ould be expected 
this quantity varies considerably ; but since the demands made upon the 
various plots by the growing crop differ widely, little information is 
furnished regarding the rate of formation. After the wheat is hareested 
the nitrate content of wheal jflols increases raiudly, Wheat was cut 
on June 20, 1913, and on June 28, 1914. Some accumulation is evident 
even before harvest. Wlien wheat is growing rapidly no nitrates are 
present. The accumulation is much more marked in the presence of 
manure and chemicals tlian in their absence. There is an abundance 
of nitrate nitrogen under corn even when it is making its most rapid 
growth. During 1913 the water content fell so low in July and August 
that no nitrates could be formed ; \vith rain coming in October, ho^vever, 
the nitrate content rose rapidly. In all cases where a comparison of the 
same crop in the presence and absence of manure is possible the nitrate 
content of the manure plot is materially higher than that of the un- 
inanured. 
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XI.— Quantity (in 7nilUgmms per jqo . 

sampkdjromjerhhiy plots at Columbia, ;.v /‘I " 


Quantity oi nitraiL' (XOtV 


plot Xc. 

1913 


July 

Au?. 

Sopt, Xov. ' Dec.'. Avt'7- 


11* 

12. 

12. 4. :o. ayt;. 

I 

3-91 

2. 06 

10 .66; 7. 71 2.72 4T 

13 

1.43 

- /P 

I.07I T. 9c 1.25 1.23 

3 



6. 40 

8. 78 

18. ooi II. cSl'race,' 8.85 

9 



i i 

iS 

4 - 4^1 . 75 

446; 5 - 67 | 3.57 3.79 



2, 481 . 66 

.53] 2.10' .3.06 T. 76 

22 

1.94! 1.91 

6.50; I. 90 Trace 2,47 

23 

i.38| 1. 28 

2. 73 Trace, Trace, i. c8 


9 ^, . 5 - -o 4. 00 T. 

2. 10 T. 1-5 2, 10 O. 

® 1.27 2.00 I. 

!• 97 5. 60. 8. 50, 6, 

5 - .=;c 4- 

4 - 80' 4. 

t2. 20 7. 

6.4s; I. 

60 

. 80. 2. 


i 2. 70 . 

6. COT; 
6. J 

. 


1.60 
75 rrii:?; 
20' I, 50' 
40 5. 00; 
5 ®' .>■ co' 
50 7-50; 

20' 2. ^0. 
70 1. 00' 
40 5. 10 
oc 1. 20 


1.19 

5.09 


,v 90 
6.06 


SOIMARV 

(1) The agricultural methods practiced upon the plots under study 
have brought about marked differences in the number of organisms con- 
tained in the soil, at least those capable, of developing under our experi- 
mental conditions. The soil under continuous corn and wheat contains, 
in the absence of any additions of fertilizers or manure, relatively low 
numbers of bacteria. In the presence of manure, continuous corn and 
wheat soil contain ndatively high numbers, manure having a much more 
marked effect upon numbers here than under the other croj^s studied. 

(2) The agricultural practices under study liave, so far as we can 
delect without experimental methods, produced no appreciable effect 
upon the ability of the soil and its organic life to liberate amirioiiia from 
cottonseed meal. 

(3) The ability of the soil complex to oxidize ammonia nitrogen to 
nitrate nitrogen lias been materially altered bv the methods under study. 
This we believe to be due in part to physical and chemical changes in the 
soil and in part to biological changes. Continuous corn and wheat with 
no additions of manure or chemicals have brought about a relative low^ 
oxidizing power in the soil complex. The addition of manure materially 
raises the oxidizing power, especially under contmuous corn and wheat. 
The addition of commercial fertilizer brings about a condition similar to 
that of manure, though perhaps less marked. 
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